Understanding and controlling defect interactions and transport properties of Li ions in silicon is crucial for the development of emerging technologies in energy storage and microelectronics [1] [2] [3] [4] . With a theoretical energy storage capacity of ~4200 mAhg -1 , which is more than 10 times over than that of graphite (372 mAhg -1 ), Si is an attractive anode material for high-performance Li-ion batteries [1, 4] . The practical use of Si-based anodes is, however, hampered by the large volumetric changes (up to ~400%) that occur during electrochemical charge/discharge cycling and the concomitant capacity fading. Further insights into fundamental mechanisms of Li-Si reactions are needed to address these problems. Here, we report on controlled low dose Li + ion implantation into 9 nm-thick amorphous (a-Si) membranes and 35 nm-thick single crystalline <100>-oriented (c-Si) membranes using a low-energy focused lithium ion beam ((LiFIB), FIG. 1a). With probe sizes of a few tens of nanometers at energies ranging from 500 eV to 6 keV and beam currents of a few pA, the LiFIB enables surface topography and composition sensitive imaging using ion-induced secondary electrons (iSE) and backscattered ions (BSI), respectively [5] . Furthermore, the LiFIB has a unique ability to implant certain amounts of 7 Li + ions into any material with nanoscale precision, making it a potentially powerful tool for advanced battery materials research and material design via defect engineering and surface modification. In this work, we analyze the spatial distributions of lithium in the selected regions of the thin Si membranes where the low dose Li + ions were implanted through a combination of correlative low-energy LiFIB implantation/imaging, conventional and phase-contrast high-resolution transmission electron microscopy (CTEM/HRTEM), selected-area electron diffraction (SAED), scanning TEM (STEM), and electron energy-loss spectroscopic STEM imaging (EELS-STEM SI). This reveals information about the Li + -Si interactions, bonding and lateral distributions of low Li + concentrations within the membranes in the range from 1×10 3 ion/nm 2 to 13×10 3 ion/nm 2 or from 1.1×10 -20 g/nm 2 to 14.6×10 -20 g/nm 2 , respectively (FIGs. 1 and 2). It is noteworthy that this approach avoids the inherent electrochemical complications from the formation of an unstable solidelectrolyte interface (SEI) with poor conductivity. Through this approach we directly reveal the series of overlapping nanoscale physico-chemical processes that occur during the early stages of Li + implantation, including: (a) selective etching, amorphization and cracking of the Si membranes (FIGs. 1b and 2b); (b) the creation of interstitial-rich extended stepped and v-shaped defects (FIG. 2b) ; (c) clustering of mobile interstitials in tetragonal sites of the c-Si matrix (FIG. 2c) as well as (d) concentration gradient driven local diffusion of Li ions followed by (e) the formation of various mixed composition Si-Li alloy phases.
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